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PREFACE

International Energy Agency

In order to strengthen cooperation in the vital area of energy policy,
an agreement on an International Energy Programme was formulated among a
number of industrialized countries in November, 1974. The International
Energy Agency (lEA) was established as an autonomous body within the Or-
ganization for Economic Cooperation and Development (OECD) to administer
that agreement. Twenty countries are currently members of the IEA with
the Commission of the European Communities participating under a special
arrangement.

As one element of the International Energy Programme, the participants
undertake cooperative activities in energy research, development and
demonstration. A number of new and improved energy technologies which
have the potential of making significant contributions to our energy
needs were identified for collaborative efforts. The IEA committee for
energy research and development (CRD), assisted by a small Secretariat,
coordinated the energy research development and demonstration programme,

Solar Heating and Cooling Programme

In July, 1975 Solar Heating and Cooling was selected as one of the six-
teen technology fields for multilateral cooperation. the objective was
to undertake cooperative research, development, demonstrations and ex-—
changes of information in order to advance the activities of all par-
ticipants in the field of solar heating and cooling systems. Several
tasks were developed in key areas of solar heating and cooling. A for-
mal implementing agreement was prepared, covering the contributions,
obligations and rights of the participants, as well as the scope of each
task. The agreement has been signed by the seventeen countries and the
Commission of the European Communities. The overall programme 1is
managed by an Executive Committee, while the management of each task is
the responsibility of an Operating Agent who acts on behalf of the other
participants. The tasks of the IEA Solar Heating and Cooling Programme
and their respective Operating Agent {lead organization responsible for
the task) are:

I Investigation of the Performance of Solar Heating and Cooling
Systems — Technical University of Denmark,

IT Coordination of Research and Development on Solar Heating and
Cooling Components — Agency of Industrial Science and
Technology, MITI, Japan,

II1 Performance Testing of Solar Collectors - Kernforschungsanlage

Jtlich, Federal Republic of Germany / University College,
Cardiff, United Kingdom,
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v Development of an Insolation Handbook and Instrumentation
Package — United States Department of Energy,

v Use of Existing Meteorological Information for Solar Energy
Applications — Swedish Meteoro1og1ca1 and Hydrological
Institute,

VI Performance of Solar Heating, Cooling and Hot Water Systems
Using Evacuated Collectors - United States Department of
Energy,

VII  Central Solar Heating with Seasonal Storage - Swedish Council
for Building Research,

VIIT Passive and Hybrid SoTar Low Energy Buildings — United States
Department of Energy,

IX Solar Radiation and Pyranometer Studies - Canadian Atmospheric
Environment Service,

X Research on Materials for Solar Heating and Cooling Systems -
Agency of Industrial Science and Technology, MITI, Japan,

X1 Passive and Hybrid Solar Commercial Buildings — Swiss Federal
Office of Energy.

Collaboration in additional areas may be considered as projects are com-
pleted or fruitful topics for cooperation are identified.




Abstract

The test procedures and measurement techniques for optical, thermal,
mechanical, physical and chemical properties to evaluate material
performance, material reliability and for material durability among the
four designated solar materials categories such as window and collector
glazing, collector absorber, heat transfer media with or without addi-
tives and heat storage material were surveyed.

Evaluation and analysis of the state—of-the-art of materials testing and
measurement methods were prepared on the basis of the compiled one
hundred and thirty eight reports contributed by the participants.

Recommendations for interlaboratory testing, where required, to deter-
mine the durability of materials and to develop the data needed for the
development of new and/or modified testing and measurement methods are
emphasized.

(i14)




1.

INTRODUCTION

The objectives of this subtask are to determine the most ap-
propriate testing and measurement methods for evaluating the per-
formance of designated materials used in solar applications and to
hasten development and acceptance of testing and measurement
methods that are mutually acceptable to the participating countries.

Specific objectives are:

to identify existing test procedures and measurement
techniques for determining materials performance,
durability, reliability and safety,

to determine the use and limitations of currently avail-
able test procedures and measurement methods,

to recommend needed new and/or modified testing proce—
dures and measurement techniques.

The Test Procedures and Measurement Techniques Subtask consists of
the following activities:

(m

(2)

(3)

Establish Reporting Formats and Procedures

Based on previous IEA performance data tasks, develop, as
agreed, standard formats for reporting test procedures
and measurement techniques used by participating
countries to determine the performance, durability,
reliability and safety of designated materials used in
various solar heating and cooling appiications.

Identification of the State-of-the-Art of Test Procedures
and Measurement Techniques

Prepare a compilation of testing procedures and measure-
ment technigues used by participating countries to deter-
mine the performance, durability, reliability and safety
of materials used in various solar heating and cooling
applications. Performance measurements include the
thermal, optical and mechanical properties of materials,
as applicable. Both accelerated and abbreviated (short
term "real-time" exposure tests will be considered for
determining the durability/reliability of materials.

Evaluation and Analysis of the State-of-the-Art of
Materials Testing and Measuyrement Methods

The testing and measurement techniques will be analyzed
and evaluated to establish their use and limitations. A
report will be prepared identifying the use and limita-




tions of existing methods. This interim report will also
make recommendations for interlaboratory testing, where
required, to determine the reproducibility of measure-
ments and to resolve differences in methods, and to indi-
cate research required to develop the data needed for the
development of new and/or modified testing and measure-
ment methods.

(4) Technical Studies

Interlaboratory studies, identified in (3) above, will be
conducted, where required, both to determine the
reproducibility of testing and measurement methods and to
resolve differences and issues arising from comparisons of
existing procedures and techniques. Additional research
will be conducted, as needed, to develop the technical
basis for new and/or modified testing and measurement
methods. Reports will be prepared as required. It is an-
ticipated that each participating country will conduct
specific activities in this area.

(5) Recommendations for New and/or Modified Testing and
Measurement Methods

The technical studies conducted in (4) above, will be used
as the basis for recommendations for new and/or modified
testing procedures and measurement techniques.

(6) Participation in Subtask B Working Group Meeting

Participants are expected to send one or more
representatives, as necessary, to each working group
meeting. Representatives, when possible, should be those
individuals directly performing the work to be discussed
or reviewed at that particular meeting. It is anticipated
that two subtask meetings will be held per year, in con-
junction with the main Task X meeting.

Thus far, the Subtask B activity of the first phase is to survey
and review the test procedures and measurement techniques on solar
energy materials such as absorbers, glazings, heat transfer media
with or without additives and storage materials.

According to the agreement at the Workshop on Solar Energy
Materials Research held in Washington, D.C. in June, 1985, the lead
country has prepared the draft on research items on testing proce-
dures and measurement techniques for key solar energy materials of
four kinds. The draft was distributed to the Participants for
revision and approval by ballot in November, 1985. The target of
this draft is to review the present state-of-the—art of testing




procedures and measurement techniques of solar energy materials and
to prepare the matrix coding by which the participants might iden-
tify the problem areas and to encourage the discussions on future
cooperative works in this Subtask B.

Throughout the past two Expert Meetings both in Vienna in April,
1986, and in Madrid in October, 1986, the solar materials among
wide varieties were narrowed down as follows:

(1) Glazing

Glass:

Float, low iron and tempered
Insulating glass, role of sealants¥®

Plastics:

Polycarbonate

Polyethylene terephthalate (Polyester)
Polymethyl methacrylate (Acrylic)

Glass fiber reinforced polyester and acrylic
Polyvinyl fluoride®

Heat mirror (dielectric-metal-dielectric)

Optical switching materials:

Electrochromics

(2) Absorber:

Cermets including black chrome
(metal-metal oxide, metal-metal carbides)

Anodized nickel pigmented aluminum

Black Zinc-Zn0

Selective paints®

{(3) Heat Transfer Media with or without Additives

(4) Thermal

Ethylene glycol-water including inhibitors
Propylene glycol-water

Storage (PCM)

Salt hydrates

Sodium sulifate decahydrate
Calcium chloride hexahydrate
Pentaerythritol

High density polyethylene
Paraffins (alkanes)




The materials indicated with asterisk were recognized as being of
secondary importance. Some materials such as silica aerogels for
glazing, holographic films for glazing, reflector materials, and
chemical heat storage materials may be included in the specific
case studies in later projects. The criteria applied to the
materials selection were as followings:

(1) Interest for mahy-of the participating countries
(2) Existence of related on-going research

(3) Existence of technical information related with in-use
performance, testing and measurement techniques and aging
and degradation modes.

The Tist of items for the survey of the pfesent state-of-the-art of
test procedures and measurement techniques are indicated in the
Table 1.

The contribution of formatted reporting on this survey research is
shown in the tables prepared in such respective chapter as the
material groups together with the list of the contributors and the
titles of reports. ;

Evaluation and analysis of the state-of-the-art of testing proce-
dures and measurement techniques is followed by the introduction
for respective designated group of materials. As the result of
this evaluation and analysis, the areas required for the further
cooperative laboratory works are identified and those are shown in
the final part of the respective group of materials.

The 138 formatted reports from participants are compiled in the Ap-—
peadix I for four designated material groups and the survey re-
search items, respectively. The designation shown in the respec-
tive report has the meaning listed in Table 2. In some cases, the
combination of the symbol can be used, if the described test proce-
dures and/or measurement techniques can be applicable for different
materials categories, properties to be tested or measured, or
category of standardization.




I.

Table 1. The List of Research Items

Absorber

(a) Optical Properties
(i) Solar absorptance
(i1) Emittance at a designated temperature

(ii1) Reflectance

(b) Thermal Properties

(i) Heat conducting properties (Heat conductivity, etc.)

(c) Physical Properties

(i)  Coating (mechanical strength: resistant to crazing,
checking, cracking, flaking, peeling (delamination))

(i1)  Substrate (mechanical strength: resistant to bending,
compression, etc.)
(d) Durabitity
(i) Durability to a stagnation temperature

(ii) Durability to a designated constant temperature
(thermal degradation)

(iii) Durability to heat cycles
(iv) Durability to thermal shock

{v) Durability to the exposure to solar radiation under
or without cover plate

(vi) Durability to moisture and/or dew

(vii) Durability to the specific atmospheric conditions
(including vacuum condition and polluted air condition)

{viii) Durability to salt water, acids or bases

(ix) Durability to mixed environmental conditions such as
elevated temperature, solar radiation, moisture, etc.

- continued -




II. Glazing

(a) Optical Properties

(4)
(19)

Solar absorptance

Solar transmittance

(iii) Reflectance

(iv)

Emittance at a designated temperature

(b) Thermal Properties

(1)
(i1)

Heat conductivity

Heat transfer coefficient

(c) Physical Properties

(1)

(i)
(ii1)

Mechanical strength: tensile properties, dimensional

stability, etec.
Flammability of plastic glazing
Physical properties on optical switchable materials

a) Drive voltage and power consumption of electro
chromic materials

b) Switching temperature of thermo chromic materials

c) Switching Jight intensity of photo chromic
materials

d) Response speed and optical change ratio

(d) Durability

(i)
(i1)
(ii1)
(iv)
(v)

Durability to a stagnation temperature

Durability to a designated constant temperature
(thermal degradation)

Durability to the exposure to solar radiation
Durability to thermal shock

Durability to heat cycles

— continued -
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(vi) Durability to moisture and/or dew

(vii} Durability to the specific atmospheric conditions
(including vacuum condition and polluted air condition)

(viii) Durability to salt water, acids or bases
(ix) Durability to mixed environmental conditions such as

elevated temperature, solar radiation, moisture, etc.

Heat Transfer Medium with or without Additives

(a) Thermal Properties
(i) Heat conductivity
(i1) Specifiq heat
(iii) Latent heat (in the case of phase change heat transfer
medium)
(b) Transporting Properties
(i) Specific volume

(i1)  Kinematic viscosity or coefficient of viscosity

(¢) Reliability
(i) Selidifying point
(ii) Boiling point
(iii) Flashing point

(iv)  Toxicity and human hazards

(d) Durability

(i) Stability of chemical composition and structure during
the applied temperature elevation and heat cycles

(ii) Corrosive effect on the materials (metal, plastic, and
rubber as sealant, etc.) used in the transfer loop

(iii) Durability to the exposure to solar radiation (if the
heat transfer medium having the function of the direct
solar—-thermal conversion material in such a case of
solar pond and black liquid tubular collector)

- continued -




IV. Storage Material

(1) Latent heat storage materials
(a) Thermal Properties

(i) Phase change temperature (solidifying point, melting

point)
(i) Latent heat
(iii) Specific heat
(iv) Heat conductivity
(v) Heat diffusivity
(vi) Density of solid phase
(vii) Density of liquid phase
(b} Reliabildity
(i) Vapor pressure at a designated temperature
(i1} Ignition point
(iii) Ftlash point
(iv) Content of toxic material
(v) Toxicity and human hazards (toxic)

{c) Durability
(i) Durability to heat cycles

(ii) Durability at a designated temperature
(thermal degradation, chemical stability)

(ii1) Corrosive effect on the container vessel




Table 2.

Meaning of Designation

(I) Material category

(11)

Symbol Meaning
AC - Absoprber Coating
AS Absorber Substrate
A Absorber not identified both in AC and AS
category
GC Glazing Coating
GS Glazing Substrate
G Glazing not identified both in GC and GS
category
HWA Heat transfer medium with additives
HWNA Heat transfer medium without additives
SS Sensible heat storage material
SL Latent heat storage material
SD Desiccant material
Properties to be tested or measured
Symbol - Meaning
0 Optical properties listed in the attached list-
T Thermal properties Tisted in the attached list
R Reliability/service requirement properties
Tisted in the attached list
D

Durability listed in the attached Tist

(II1) Standardized testing/measurement or 1éboratory method

Symbol Meaning
5T Standardized method
LA

Laboratory method




I. GLAZING MATERIALS (Glass and Plastic)

Introduction

For glazing materials used in solar applications, glass and plastics
are popular and optical and physical properties of these materials
have to be known.

Especially, in plastics and some kinds of glass, it is very impor-
tant to estimate durability of these materials.

In this document following materials are taken into account.
(1) Raw glass and plastics
transparent glazing, heat absorbing glazing
(2) Coated glazing
heat reflective glazing, low emissive glazing
(3) Optical switchable glazing

electro chromic glazing, thermo chromic glazing, photo chromic
glazing

(4) Other glazing

thermal insulation glazing, (double glazing), photo chromic
glazing

Testing and measurement methods for these properties were proposed
from the Task X Participants. This document provides summary of
these methods and standardized methods due to JIS (Japan Industrial
Standard) and ASTM (American Standards of Testing Materials).

The titles of the reports and grouping of the reports are shown in
the supplemental tables. Regarding optical properties, 9 reports
were proposed. Besides, more than 10 reports were contributed on
absorber materials. Basically these measurement metheds of optical
properties are quite similar and seem to be classified to two types.
One is spectral method and the other is thermal method. Former one
is well established and standardized.

In addition to the recent state—of-the-art of development of the
standard methods for measuring the solar optical properties of
materials such as spectral transmittance, reflectance and ab-
sorptance between 320 and 3,000 nanometers in wavelength, and total
radiant and luminous transmittance and reflectance, it is informa-
tive to give the short description of ASHRAE standard which is now
drafting and being not reported in this working document. This
standard includes the method to measure spectral absorptance,




reflectance and transmittance of materiais using spectrophotometers
equipped with integrating spheres and the other method to measure
solar transmittance (terrestrial) and solar radiant/luminous reflec-
tance of materials using either a pyranometer or photometer, an
enclosure, and the sun and sky as the source of radiation. The
first method can be applicable to materials having both specular and
diffuse optical properties. For transmitting sheet materials that
are inhomogeneous, patterned, or corrugated, the second method in
which both normal incidence and angles other than normal incidence
are applied can be preferable.

Regarding thermal properties, 1 report was proposed, and it is a
standard test method in ASTM.

Regarding physical properties, 7 reports were proposed on only
mechanical strength. Generally, mechanical strength and flam—
mability test are standardized in ASTM and/or established as a well
known laboratory test.

Regarding durability, 12 reports were proposed on glazing materials,
and more than 10 reports were proposed on absorber materials and
some of them seem to be useful for glazing materials. They are
mostly based on standardized test methods in ASTM and/or JIS.

But the problem is that there isn't any evaluation procedure for an

accelerated durability test and it is important to cooperate works
with other subtasks.

- 11 -




Respective Test Procedures

To evaluate the performance of glazing materials used in solar

applications, following properties and durability have to be known.

(a) Optical properties

(i) Solar radiation transmittance, absorptance and reflec—
tance

(ii) Emittance at a designated temperature

(b} Thermal properties
(i) Heat conductance
(ii) Heat transfer coefficient

(iii) Thermal expansion

(c) Physical properties
(1) Mechanical strength
(1) Wind load
(ii) Smow deposition load
(iii) Hail impact
(iv) Tensile strength

{(v) Bending strength
(2) Flammability of plastic glazing

(3) Physical properties on optical switchable materials

(i) Drive voltage and power consumption of electro chromic
materials

(ii) Switching temperature of thermo chromic materials
(iii) Switching light intensity of photo chromic materials

{(iv) Response speed and optical change ratio

- 12 -




(d) Durability

(a)

(i)
(i)
(ii1)
(iv)
(v)
(vi)
(vii)
(viii)

(ix)

(x)
(xi)

(1)

Stagnation temperature
Designated constant temperature
Exposure to solar radiation
Thérma1 shock |
Heat cycle

Moisture and/or dew

Specific atmospheric conditions
Salt water, acids or bases

Mixed environmental conditions
{elevated temperature, solar radiation, moisture, etc.)

High voltage for electro chromic materials

Electrical, thermal or 1ight ON-OFF cycle

Optical properties

Solar radiation transmittance, absorptance and
reflectance

1) Method using a spectrophotometer (Report No. 1, 2, 15,

22, 23, 24, 29 and 30)

Spectral transmittance and reflectance are measured by
using a scanning spectrophotometer with an dintegrating
sphere to take account of the contribution due to dif-
fused ray. :

Solar radiation transmittance and reflectance are
obtained by calculation weighting spectral transmit-
tance and reflectance with intensity distribution of
solar energy. Solar radiation absorptance is calcu-
lated from transmittance and reflectance.

This method is standardized in JIS (R-3106) and ASTM
(E-424 and E-903).

Precision of this method is within 2% of full range.
It is possiblie to determine the spectral transmittance

and reflectance of multiple glazing units by calcula-
tion using above values.

- 13 -



2)

Calculation method is standardized in DIN 67507 and
1S0/TC 160/GT2.

Method using a pyranometer

This method is applicable only for measurement of
transmittance. Actual solar radiation is measured by
a pyranometer settled in a box which can support large

specimen and can face every directions and is painted
flat black.

This method is standardized in ASTM (E-424).

Precision of this method is within = 1Z.

(ii) Emittance

1)

2)

Reflection.method (Report No. 3, 26 and 31)

Spectral reflectance and transmittance of specimen at
a designated temperature are measured by a spectro-
photometer. From these data reflectance and normal
emittance against heat flux are calculated.

This method is standardized in JIS (R-3106).

Precision of this method is within 22 of full range.

Radiometric method (Report No. 4, 25 and 32)

Samples and high-emitting reference are mounted on a
turnable, electrically heating device. The radiation
emitted by them is directed to the spectrometer system,
that means the samples act as radiation source.

Precision of this method is within * 37 of full range.

(b) Thermal properties

(i)

(i1)

Heat conductance
No report was proposed.

Testing method is standardized in JIS (A-1412 and 1413)

Heat transfer coefficient

No report was proposed.

- 14 -




(iii) Thermal expansion

No report was proposed. But test method for absorber
is available for glazing.

This method uses a thermomechanical analyzer or similar
device to determine the linear thermal expansion of
solid materials.

Changes in specimen length are electronically recorded
as a function of temperature.

Precision is from 2% to 154.

This method is standardized in ASTM (E-831).

(c) Physical properties

(1) Mechanical strength

(1)

(i1)

(iii)

(iv)

Wind load

No report was proposed.

Snow deposition load

No report was proposed;

Impact strength (Report No. 9)

1) Impact strength of sheet glass using steel ball

This test is applied to tempered sheet glass.

A designated (weight and shape) steel ball is dropped
on the center of sample from various height in order
to know breakage height. this test method is stan-
dardized in JIS (R-3206) and also impact test with
propelled ice balls is standardized in ASTM (E-822).

Tensile strength (Report No. 16, 17, 19 and 21)

Using tensile testing machine, uniform and constant rate
increase of stress is added on a sample to determine the
stress/strain characteristics and the point of failure.
Alsc test conditions are defined.

Testing method is standardized in JIS (K-7113) and ASTM
(D-618, D-638, D-794 and D-882).

-15 -




(v)

1

2)

Bending strength

Four point bending test (Report No. 7)

This test is used for measuring static surface strength
and edge strength of sheet glass. A narrow piece of
glass is set on a pair of knife edge supporting block,
and loaded on the center with a pair of knife edge
loading block.

Using the Toad at breakage point, breakage stress can
be calculated by means of bending stress formula.

This test is standardized in ASTM (C-158)

Ring on ring bending test (Report No. 8)

This test is applied to measure static surface strength
of sheet glass. Samples are set on a supporting ring
(outer ring) and concentrically loaded with a loading
ring (inner ring). Breakage strength can he calculated
by means of bending stress formula.

(2) Flammability of plastic glazing

No report was proposed.

Testing method is standardized in JIS (A-1321 and A-1322)

(3) Physical properties on optical switchable materials

(i)

(i)

(iii)

Drive voltage and power consumption of electro chromic

materials

No report was proposed, but it is easy to know them by
using electric apparatuses.

Switching temperature of thermo chromic materials

No report was proposed but it is easy to know it by
using temperature controlied box. '

Switching 1light intensity of photo chromic materials

No report was proposed but it is easy to know it by
using light source and light intensity meter.

- 16 -




(iv)

Response speed and optical change ratio
No report was proposed.

As to photo chromic materials it is quite difficult to
know optical change ratio.

(d) Durability

(1)

(i)

(i)

(iv)

Stagnation temperature (Report No. 14 and 27)

Flat plate coliector is exposed to the natural weather
environment at temperaturs of stagnation conditions and
is kept less than 1.5 W/m* heat loss.

This method is standardized in ASTM (E-881 and E-781).

Proposed method for absorber materials is also
available.

Designated constant temperature (Report No. 13)

Flat plate collector is exposed to the natural weather
environment in the operational condition. This method
is standardized in ASTM (E-782).

Exposure to solar radiation (report No. 5, 6 and 35)

This test is defined as examining the change in the
performance by exposing the test piece outdoor under
natural conditions. Azimuth of exposure surface is
0 degree and tilt angle is 30 to 35 degrees.

This test method is standardized in JIS (A-1410 and
A-1411).

Same test using weathering box is standardized in ASTM
(E-782) and accelerated test using concentrated sunlight
is standardized in ASTM (E-838).

"Thermal shock test (Report No. 10)

Test machine has three independent chambers which keep
high, intermediate and low temperature respectively.

Samples are moved to these chambers in designated

- schedule. . Temperature setting depends on material,

(High temperature : 60 — 250 °C, intermediate tem-
perature : room temperature, low temperature :
-10 - =70 °C)

- 17 -




(v)

(vi)

(vii)

(viii)

(ix)

Heat cycles test (Report No. 11)

Scheduled heat cycles of ambient condition which simu-
late extreme day and night temperature difference are
given to samples.

Temperature range is —40 to 80 .

Moisture and/or dew
No report was proposed.

Proposed methods for absorber materials are available.

Specific atmospheric conditions
No report was proposed.

Proposed method for absorber materials is available.

Salt water, acids or bases
No report was proposed.

Proposed methods for absorber materials are available.

Mixed environmental conditions (Report No. 12, 18, 20,
28, 33 and 34)

Samples are exposed to measured quantities of ultra-
violet radiation within a climatic cabinet. The test
environment maybe altered to allow different conditions
of temperature and/or humidity to be maintained through-
out the exposure period.

This method is standardized in ASTM (G-53).

In the case of report No. 12, evaluation of degradation
by tensile test machine after and before exposure to
high temperature and xenon arc light is shown. This
method is standardized in ASTM (E-765).

In the case of report No. 18 and 20, evaluation of
dimensional changes at elevated temperature and
accelerated service conditions are shown.

" These methods are standardized in ASTM (D-1204 and

D-1042). S
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(x) High voltage for electro chromic materials

No report was proposed.

(xi)} Electrical, thermal or light ON-OFF cycle

No report was proposed.
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Proposal on Future Cooperative Works

Regarding optical switchable material properties, there isn't any
report and standard. Especially durability of these materials is
quite important and it is necessary to research the test and evalua-
tion methods for these new materials in solar applications in
future.

We propose the followings as future cooperative works.

For example.

(1) Accelerated durability test methods for electro, thermo and
photo chromic materials.

(2) Measurement methods and discrimination methods of degradation
of electro, thermo and photo chromic materials.

- 20 -
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IT. ABSORBER MATERIAL

Introduction

Test methods for absorbers on optical properties, thermal
properties, service requirement and durability are reported from
many countries,

The number of the reports from each country is shown in "Reports
contributed by the Subtask B Participants”.

In this table, the reports on absorber materials are counted up
to 42.

Classification of collected reports is shown in Table 1, classified
as laboratory born method or standard method according to the
respective terms (optical properties, thermal properties, service
requirement properties and durability).

Figures inserted in Tables 1, 2 and 3 coincide with the numbering on

the Title and Reporter's name in Table 4.

1) Laboratory method and standard method

"Report Contributed by the Subtask B Participants" in Table 1
shows that the number of laboratory method is much more than
that of the standard method.

However, by the referred document in several reports, each test
is closely related to systems with reference to standard method

(ASTM, DIN, etc.). (Report No. 1, 3, 9, 10, 14, 18, 189, 20,
22, 23, 24, 31, 32 and 33)

ASTM is referred as the standard method of optical property
(No. 41, 42, 44, 45, 46 and 47), some of Taboratory methods
refer to these reports for example, (i) solar range (spectral)
refers to ASTM E 903 (No. 3 and 10) or DIN 5033 (No. 1),

(i1i) thermal range (total) refers to ASTM E 408 (No. 9).

About durability, JIS and ASTM are reported from Japan, Sweden

and U.S.A. But, for the most part, a laboratory method is taken

up at this moment.

2) Tendency of reports
It is shown in Table 1 that much more descriptions on optical

property and durability are reported, while those on thermal
property and reliability/service are scarcely found.
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Reliability/service signifies the test method about service

requirement properties for coating (mechanical strength;
resistant to crazing, checking, cracking, flaking and peeling
(delamination)), and for substrate (mechanical strength;
resistant to bending, compression, etc.) there is only one
report, JIS K 5400 (Testing Method of Strike Transformation for
Coating Films)(No. 14).

On thermal property four reports are found. Three reports
(No. 55, 56 and 57) are common tests about all materials used
in solar applications. Another report is the heat-resistance
test of solar ahsorber surfaces.

Respective Test Procedures

Reports requested to the participants are listed as the following
optical, thermal and reliability/service properties and durability.

{(a) Optical properties

(1) Solar range, spectral
(ii)  Solar range, total
(iii) Thermal range, spectral
(iv) Thermal range, total

(b) Thermal properties

(i) Thermal conducting properties (thermal conductivity,
etc.)

(c) Reliability / service

(i) Coating (mechanical strength: resistant to crazing,
checking, cracking, flaking and peeling (delamination})

(ii)  Substrate (mechanical strength: resistant to bending,
compression, etc.)

(d}) Durability

(i) Durability to stagnation temperature

(ii) Durability to a designated operating constant tem-
perature (thermal degradation)

(iii) Durability to heat cycles

(iv)  Durability to thermal shock

(v) Durability to the exposure to solar radiation under
or/and without cover plate

(vi) Durability to moisture and/or dew
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(a)

(vii) Durability to the specific atomospheric conditions
(including vacuum condition and polluted air condition)
(viii) Durability to salt water, acids or bases

(ix) Durability to mixed environmental conditions such as

elevated temperature, solar radiation, moisture, etc.

Optical properties

(i) Solar range — 15 reports

The measuring principle described in 13 reports is based on
spectroscopic method. The measuring principles in other two
reports are different from each other. One is the method to
measure the total (wavelength integrated) solar reflectance
by use of optical integrating sphere coupled with tungsten-
halogen Tamp as a solar simulator lamp. The solar reflec-
tance is evaluated from the ratio between the total amount
of reflected rays from the specimen for the incident rays
from the Tamp and those from the standard sample such as
metal coated mirror, BaS0, plate and black mat painted
specimen. The other is based on calorimetric measurement
(ASTM E 434-71). This describes measurement of the radia-
tive heat gains and losses from the specimen in vacuum
coupled with cold shroud under the illumination of the
sample by a equipped solar simulator.

{(ii) Thermal range - 13 reports
There are four methods in the principle of measurement.

1. Emittance determined by measuring spectral reflectance

2. Emittance determined by radiative measurement of the
spectra of heated samples

3. Emittance determined by measuring the radiation from
the samples as the electromotive force

4. Emittance determined by measuring temperature of
heated samples in vacuum solar simulator (calorimetric
method)

In these reports relations between the emittance and the
radiation angle are described on following items.

1. Normal emittance
2. Angular dependence at the angular range from 0° to 70°

Using integrated sphere
Integrating emittance measured each 5% intervail
over all emitting angles from 15° to 75°

In all reports, each accuracy is not exceeding 5 Z.
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This result means that these methods are practical and

relevant.

(b) Thermal properties - 4 reports

T.
2.
3.

Determination of heat of fusion and crystallization by

differential scanning calorimetry.
Determination of melting and crystallization temperatures by

thermal analysis.

Determination of the linear thermal expansion of solid

materials by thermodilatometry.

(c) Reliability / service — 2 reports

(d)

One is a testing method of strike transformation for coated

films.

other is a climatic cycle test.

Durability - 24 reports

This report is referred to JIS (Japan Industrial
Standard) K 5400, "Testing Methods for Organic Coating".

The

Evaluation of the test results in all reports is made by measur—
ing the change of the optical property (the absorptance and the
emittance) prior to and after the applied testing.

As far as concerned with the respective items listed, we have

several reports.

tions applied among those reports.

It is difficuit to extract the common condi-

We have 10 reports entitled as "the durability to moisture
and/or dew" which are the highest number among the reports.
For such testing items ambient temperature, relative humidity,
and test period are very important facters, and the following
conditions are found in the contributed reports.

No.t Ambient temp. | Relative humidity | Test pericd
1 90 °C 95 7 10 weeks
2 25 °C 100 % 4 weeks
3 23 °C 95 % 6_weeks
4 50 °C/95 °C 100 7% 4 weeks
5 49471 °C 95 % 7

6 50 °C 98 7 1,000 hours
7 90 °C 95 % 30 days
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A1l of the test methods are classified into 6 items, which are
thermal property, moisture and/or dew, specific atomospheric

conditions, salt water spray, outdoor test, and mixed environ-
mental conditions (Table 3).

Some reports are referred as the industrial standards.

3. Proposals on Future Cooperative Works

As for the cooperating works, we propose the accelerated aging test
at constant temperature for solar absorber coatings.
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ITI. HEAT TRANSFER MEDIA WITH OR WITHOUT ADDITIVES

Introduction

Many solar systems employ a closed Toop circulation with some kind
of heat transfer fluid for transferring heat from the coliectors to
the storage tank. Low freezing point fluids such as propylene
glycol or ethylene glycol solutions, silicone oils, fluorocarbons,
etc. have been used as heat transfer fluids to avoid the freezing
problem.

In the Subtask B activity of the first year, test procedures and
measurement techniques were surveyed to identify the present state-
of-the—art and reviewed, but evaluation of additives to avoid cor-
rosion was excluded.

We have 31 reports of testing method on heat transfer medium col-
lected from F.R.G., U.S.A. and Japan (F.R.G.: 8 reports, U.S.A.: 22
reports, Japan: 8 reports). These reports are classified to three
categories. The first refers to thermal and transport properties,
the second to physical properties and the third to durability.

Each of them is concerned with followings:
(1) Thermal and transport properties:

a) Heat conductivity

b) Specific heat

c) Specific volume

d) Kinematic viscosity or coefficient of viscosity

(2) Physical properties

a) Solidifying point (freezing point)
b) Boiling point

¢) Flashing point

d)} pH and alkalinity

(3) Durability
a) Stability

b) Corrosive effect on the materials

As widely used evaluation methods have already been established to
some extent in regard to thermal properties of heat transfer medium,
these methods can be applicable to those of solar system.

Three reports collected are concerned with the evaluation method of

a solar system, but the kind of heat transfer medium raised here is
rather limited.
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Respective Test Procedures

The performance and reliability of closed systeéms are considerably
affected by degradation of heat transfer fluid and corrosion of
materials exposed to it.

Important properties of heat transfer fluid to determine the perfor-
mance and reliability are:

(a) Thermal properties

(i)  Heat conductivity

(ii) Specific heat

(iii) Latent heat (in the case of phase change heat transfer
medium)

(b) Transporting properties

(i) Specific volume
(ii) Kinematic viscosity or coefficient of viscosity

(c) Reliability

(i) Solidifying point

{(ii) Boiling point

(iii) Flashing point

(iv) Toxicity and human hazards

Moreover, some accelerated and simplified tests are required to
determine durability.

We introduce three reports of test procedures on 1ife prediction,

(1)

(2)

Aging of aqueous fluids and internal corrosion of solar
systems:

Electrochemical check is applied for the detection of
undesirable changes of the properties of the heat transfer
media after a period of time. This is Tafel's extrapolation
method on heated rotating—cylinder-electrode through electrical
polarization by computerized potentiostat-galvanostat at 30 C
through 130 °C.

Weight loss or pitting depth, and surface state of the samples
must be taken into consideration.

Testing method for thermal stability of chemical structure of
propylene glycol:

50 Vol 7 propylene glycol aqueous solution 700 ml is con-
tinuously heated at 105%1 °C during 16 weeks in deaerated
condition, and then the change of both pH and infrared spectrum
are checked. Both the degree of pH decrease and of the in-
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frared spectrum change indicate the degradation of propylene
glycol solution.

(3) Corrosion test for heat transfer medium in glassware:

Tested metal specimens are placed in the test solution 750 ml
consisted of city water and heat transfer medium by equivalent
volume. They are continuously heated at 88%2 °C during 336
hrs. in constant aerated condition of 100+10 ml per min. cor-
rect corrosion weight changes of individual specimens to
nearest 0.1 mg for each test must be measured to know the cor-.
rosion inhibitive properties of test solution.

Proposals to Future Cooperative Works .

According to the reports No. 1 - No. 6, present testing and
measurement methods for evaluating the properties of heat transfer
media are appropriate and practical in solar application.

Therefore, the performance, reliability and safety of heat transfer
media can be determined with the present testing procedures.

But the durability is not determined with sufficient accuracy be-
cause the available information is scarce.

In general, more than 10-year life is required for a solar system,
so that there is need for some kinds of accelerated test to deter-
mine the durability of it.

The reports No. 7 — No. 9 suggest the methods of accelerated and
simplified tests to determine the durability.

When these methods are applied to the heat transfer media used in
solar systems, it is important that the coefficient of correlation
between these tests and actual use is obtained.

Therefore, the following future cooperative works associated with
heat transfer media are suggested:

{(a) Identification of the coefficient of correlation between
actual use and accelerated tests.

(b) Establish available accelerated testing methods.for determin—
ing durability.
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IV. THERMAL ENERGY STORAGE MATERIALS

Introduction

At the Tast expert meeting in Vienna it was determinéd to take up
PCM and chemical storage materials for thermal energy storage
materials and desiccant materials.

We have collected twenty reports on testing and measurement methods
for thermal properties, reliability and durability of latent heat
thermal storage materials.

The titles of the reports and grouping of the reports are shown in
the supplemental tables respectively.

There are many reports regarding thermal properties (one or more
reports for almost every item), but few concerning reliability and
durability. The greater part of the reports is from Japan (10
reports) and U.S.A. (7 reports). From other countries three reports
are contributed. There are twelve standardized methods based on JIS
(Japan Industrial Standard) and ASTM about thermal properties and
reliability.

There are not many reports which mention the precision of the test
method, but some reports on thermal properties or reliability refer
to their precision. As most of these test methods are standardized
in JIS or ASTM, the precisions indicated in these reports would also
be enough for industrial use.

Respective Test Procedures

Important properties to evaluate the performance of Tatent heat
thermal storage materials are shown in the following list:

(a) Thermal Property

(i) Phase change temperature
(ii)} Latent heat

(iii) Specific heat

{(iv) Heat conductivity

{(v) Heat diffusivity

(vi) Density of solid phase
(vii) Density of liquid phase

(b) Reliability

(i) Vapor pressure at a designated temperature
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(ii) Ignition point

(iii) Flash point

(iv) Content of toxic materials

(v) Toxicity and human hazards (toxic)

(c) Durability

(i) Durability for heat cycles.

(ii) Durability at a designated temperature (thermal
degradation, chemical stability) _

(iii) Corrosive effect on the container vessel

(a) Thermal Property
(i) Phase change temperature
(Melting point: Report No. 1 and 18)

Melting point is defined as the temperature or the range
of temperature where the solid sample fully melts. The
sample in a capillary glass tube is heated in a bath and
the melting point is determined from the temperature at
which the solid sample disappears. This method is
standardized in JIS (JIS K 0064).

Method of determining the melting point of waxes is
reported in Report No. 18. This method is characterized
by using a microscope to observe melting, and is
standardized by ASTM (ASTM F 766). Precision of repeat-
ability is less than 2 °C.

(Freezing point: Report No. 2)

. Freezing point is measured by cooling the material in
the bath of water, ice, or mixture of water and sodium
chloride. By measuring the temperature change of the
material, freezing point is determined from the tem-
perature where the falling rate of temperature changes.
This method is standardized in JIS (JIS K 0065). Pre-
cision of repeatability is less than 0.2 °C.

(Thermal analysis: Report No. 15)
Transition temperatures such as the melting and crystal-
lization temperatures of materials 